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(57) ABSTRACT 
A shock absorber has a pressure tube with a piston assembly 
slidably disposed within the pressure tube and attached to a 
piston rod. The pressure tube is disposed within a reserve 
tube and a working fluid reservoir is formed between the 
pressure tube and the reserve tube. The piston assembly 
divides the pressure tube into an upper working chamber and 
a lower working chamber. A base valve assembly controls a 
flow of working fluid between the working fluid reservoir 
and the lower working chamber. The base valve assembly 
includes a frequency dependent valve system that provides 
an increased level of damping for each compression stroke 
of the piston assembly during low frequency movements of 
the shock absorber. A lesser level of damping is provided for 
each compression stroke during high frequency movements 
of the shock absorber. 
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SHOCK ABSORBER WITH FREQUENCY 
DEPENDENT PASSIVE VALVE 

CROSS REFERENCE TO RELATED 
APPLICATIONS 5 

The present application is a continuation-in-part applica 
tion of U.S. application Ser. No. 13/975,454, filed Aug. 26, 
2013, which is presently allowed, the disclosure of which is 
hereby incorporated by reference into the present applica 
tion. 

10 

FIELD OF THE INVENTION 

The present disclosure relates to a hydraulic damper or 15 
shock absorber adapted for use in a Suspension system Such 
as the systems used for automotive vehicles. More particu 
larly, the present disclosure relates to a hydraulic damper 
having a frequency dependent passive Valving system that 
provides softer damping characteristics with high frequency 20 
road inputs in rebound and compression strokes. 

BACKGROUND OF THE INVENTION 

A conventional prior art hydraulic damper or shock 25 
absorber comprises a cylinder defining a working chamber 
having a piston slidably disposed in the working chamber 
with the piston separating the interior of the cylinder into an 
upper and a lower working chamber. A piston rod is con 
nected to the piston and extends out of one end of the 30 
cylinder. A first Valving system is incorporated for generat 
ing damping force during the extension or rebound stroke of 
the hydraulic damper and a second Valving system is incor 
porated for generating damping force during the compres 
sion stroke of the hydraulic damper. 35 

Various types of damping force generating devices have 
been developed to generate desired damping forces in rela 
tion to the frequency of the inputs from the roads over which 
the vehicle travels. These frequency dependent selective 
damping devices provide the ability to have softer damping 40 
characteristics with higher frequency road inputs. These 
softer damping characteristics lead to a more effective 
isolation of the vehicle body from unwanted disturbances. 
Typically these frequency dependent damping devices oper 
ate only during an extension or rebound movement of the 45 
hydraulic damper or shock absorber. 

The continued development of hydraulic dampers 
includes the development of frequency dependent damping 
devices that improve the function in an extension/rebound 
movement or a compression movement of the hydraulic 50 
damper or shock absorber. 

SUMMARY OF THE INVENTION 

In one aspect the present disclosure relates to a shock 55 
absorber having a pressure tube defining a fluid chamber for 
containing a working fluid. The shock absorber also includes 
a reserve tube, with the pressure tube being disposed within 
the reserve tube to define a working fluid reservoir between 
the pressure tube and the reserve tube. A piston assembly is 60 
disposed within the pressure tube and secured to a piston 
rod, the piston assembly dividing the fluid chamber into an 
upper working chamber and a lower working chamber. A 
base valve assembly is disposed between the lower working 
chamber and the working fluid reservoir. The base valve 65 
assembly includes a frequency dependent valve system 
operable to act as a bypass to allow a portion of the working 

2 
fluid to pass therethrough during high frequency movements 
of the shock absorber during each compression stroke of the 
piston assembly, to thus provide a minimum degree of 
damping. The frequency dependent valve system also is 
operable to at least substantially interrupt a flow of the 
working fluid therethrough during low frequency move 
ments of the shock absorber during each of the compression 
strokes, to thus provide increased damping. 

In another aspect the present disclosure relates to a shock 
absorber comprising a pressure tube defining a fluid cham 
ber for containing a working fluid, and a reserve tube. The 
pressure tube is disposed within the reserve tube to define a 
working fluid reservoir between the pressure tube and the 
reserve tube. A piston assembly disposed within the pressure 
tube and secured to a piston rod, the piston assembly 
disposed dividing said fluid chamber into an upper working 
chamber and a lower working chamber. A base valve assem 
bly is disposed between the lower working chamber and the 
working fluid reservoir. The base valve assembly includes a 
frequency dependent valve system including an axially 
slidable spool valve responsive to a flow of the working fluid 
during a compression stroke, a valve seat plate in contact 
with a distal end of the spool valve, an interface member in 
contact with the valve seat plate, and a biasing element for 
biasing the interface member into contact with the valve seat 
plate. The spool valve experiences only a relatively small 
degree of movement during a high frequency, short duration 
compression stroke of the piston assembly, thus allowing 
fluid pressure to urge the interface member away from the 
valve seat plate and allow a flow of the working fluid 
therebetween to the working fluid reservoir, to thus reduce 
a damping provided by the shock absorber. During a low 
frequency, long duration compression stroke, the spool valve 
moves a greater axial distance than during the high fre 
quency compression stroke, and thus causes the spool valve 
to apply sufficient pressure to the valve seat plate to at least 
substantially close off a flow of the working fluid between 
the interface member and the valve seat plate, to thus 
increase a damping provided by the shock absorber. 

In still another aspect the present disclosure relates to a 
method for forming a shock absorber responsive to high and 
low frequency movements of the shock absorber during a 
compression stroke of a piston, to provide different levels of 
damping. The method comprises using a pressure tube to 
define a fluid chamber for containing a working fluid. The 
method also comprises using a reserve tube, with the pres 
sure tube being disposed within the reserve tube, to define a 
working fluid reservoir between the pressure tube and the 
reserve tube. A piston assembly is also used which is 
disposed within the pressure tube and secured to a piston 
rod, to divide the fluid chamber into an upper working 
chamber and a lower working chamber. A base valve assem 
bly is used which is disposed between the lower working 
chamber and the working fluid reservoir. The base valve 
assembly controls a flow of the working fluid between the 
lower working chamber and the working fluid reservoir. The 
method further includes configuring the base valve to utilize 
an axially slidable spool valve responsive to a pressure of the 
working fluid during a compression stroke of the piston 
assembly. In this manner the spool valve helps to form a 
bypass flow path during high frequency movements of the 
shock absorber during each compression stroke of the piston 
assembly, to thus provide a minimum degree of damping. 
The spool valve is also used to at least substantially interrupt 
a flow of the working fluid therethrough during low fre 
quency movements of the shock absorber during each one of 
the compression strokes. This provides an increased degree 
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of damping greater than the minimum degree of damping 
during the low frequency movements of the shock absorber. 

Further areas of applicability of the present disclosure will 
become apparent from the detailed description provided 
hereinafter. It should be understood that the detailed descrip 
tion and specific examples, while indicating the preferred 
embodiment of the disclosure, are intended for purposes of 
illustration only and are not intended to limit the scope of the 
disclosure. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The present disclosure will become more fully understood 
from the detailed description and the accompanying draw 
ings, wherein: 

FIG. 1 is an illustration of an automobile using shock 
absorbers incorporating the frequency dependent damping 
device in accordance with the present disclosure; 

FIG. 2 is a cross-sectional side view of a monotube shock 
absorber incorporating either one the frequency dependent 
damping devices in accordance with the present disclosure; 

FIG. 3 is an enlarged cross-sectional side view illustrating 
a piston assembly of the shock absorber shown in FIG. 2 
during incorporating a frequency dependent damping device 
which functions during a compression stroke of the shock 
absorber; 

FIG. 4 is an enlarged cross-sectional side view illustrating 
a piston assembly of the shock absorber shown in FIG. 2 
during incorporating a frequency dependent device which 
functions during an extension stroke of the shock absorber; 

FIG. 5 is an enlarged cross-sectional side view illustrating 
a frequency dependent device in accordance with another 
embodiment of the present disclosure which functions dur 
ing an extension stroke of the shock absorber, 

FIG. 6 is a high level cross-sectional side view illustrating 
a frequency dependent valve system incorporated in a base 
valve assembly of a dual tube shock absorber, and with a 
spool valve in a position which allows a flow of fluid 
through the spool valve during a high frequency movement 
of the shock absorber during a compression stroke of a rod 
mounted piston assembly, and which provides for a lesser 
degree of damping; and 

FIG. 7 is a view of the shock absorber of FIG. 6 but with 
the spool valve having been axially displaced by a sufficient 
buildup of fluid pressure on an upper surface of the spool 
valve during a low frequency movement of the shock 
absorber during a compression stroke, which effectively 
substantially reduces or completely interrupts a flow of the 
working fluid through the spool valve, which provides for an 
increased degree of damping. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENTS 

The following description of the preferred embodiment(s) 
is merely exemplary in nature and is in no way intended to 
limit the disclosure, its application, or uses. 

Referring now to the drawings in which like reference 
numerals designate like or corresponding parts throughout 
the several views, there, is shown in FIG. 1 a vehicle 
incorporating a Suspension system having the frequency 
dependent shock absorbers in accordance with the present 
disclosure which is designated generally by the reference 
numeral 10. Vehicle 10 includes a rear suspension 12, a front 
Suspension 14 and a body 16. Rear Suspension 12 has a 
transversely extending rear axle assembly (not shown) 
adapted to operatively support the vehicle's rear wheels 18. 
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4 
The rear axle assembly is operatively connected to body 16 
by means of a pair of shock absorbers 20 and a pair of helical 
coil springs 22. Similarly, front Suspension 14 includes a 
transversely extending front axle assembly (not shown) to 
operatively support the vehicles front wheels 24. The front 
axle assembly is operatively connected to body 16 by means 
of a second pair of shock absorbers 26 and by a pair of 
helical coil springs 28. Shock absorbers 20 and 26 serve to 
dampen the relative motion of the unsprung portion (i.e. 
front and rear Suspensions 12 and 14, respectively) and the 
sprung portion (i.e. body 16) of vehicle 10. While vehicle 10 
has been depicted as a passenger car having front and rear 
axle assemblies, shock absorbers 20 and 26 may be used 
with other types of vehicles or in other types of applications 
Such as vehicles incorporating independent front and/or 
independent rear Suspension systems. Further, the term 
“shock absorber' as used herein is meant to refer to dampers 
in general and thus will include MacPherson struts. 

Referring now to FIG. 2, shock absorber 20 is shown in 
greater detail. While FIG. 2 shows only shock absorber 20, 
it is to be understood that shock absorber 26 also includes 
the piston assembly described below for shock absorber 20. 
Shock absorber 26 only differs from shock absorber 20 in the 
way in which it is adapted to be connected to the sprung and 
unsprung portions of vehicle 10. Shock absorber 20 com 
prises a pressure tube 30, a piston assembly 32 and a piston 
rod 34. 

Pressure tube 30 defines a fluid chamber 42. Piston 
assembly 32 is slidably disposed within pressure tube 30 and 
divides fluid chamber 42 into an upper working chamber 44 
and a lower working chamber 46. A seal 48 is disposed 
between piston assembly 32 and pressure tube 30 to permit 
sliding movement of piston assembly 32 with respect to 
pressure tube 30 without generating undue frictional forces 
as well as sealing upper working chamber 44 from lower 
working chamber 46. Piston rod 34 is attached to piston 
assembly 32 and extends through upper working chamber 44 
and through an upper end cap 50 which closes the upper end 
of pressure tube 30. A sealing system 52 seals the interface 
between upper end cap 50 and piston rod 34. The end of 
piston rod 34 opposite to piston assembly 32 is adapted to be 
secured to the sprung portion of vehicle 10. In the preferred 
embodiment, piston rod 34 is secured to body 16 or the 
sprung portion of vehicle 10. Pressure tube 30 is filled with 
fluid and it includes a fitting 54 for attachment to the 
unsprung portion of the vehicle. In the preferred embodi 
ment fitting 54 is secured to the unsprung portion of the 
vehicle. Thus, suspension movements of the vehicle will 
cause extension or compression movements of piston assem 
bly 32 with respect to pressure tube 30. Valving within 
piston assembly 32 controls the movement of fluid between 
upper working chamber 44 and lower working chamber 46 
during movement of piston assembly 32 within pressure 
tube 30. 

Referring now to FIGS. 3 and 4, piston assembly 32 is 
attached to piston rod 34 and comprises a piston body 60, a 
compression valve assembly 62, an extension or rebound 
valve assembly 64 and a frequency dependent valve assem 
bly 66 illustrated in FIG. 3 or a frequency dependent valve 
assembly 266 illustrated in FIG. 4. Piston rod 34 includes a 
reduced diameter section 68 located on the end of piston rod 
34 disposed within pressure tube 30 to form a shoulder 70 
for mounting the remaining components of piston assembly 
32. Piston body 60 is located on reduced diametersection 68 
with compression valve assembly 62 being located between 
piston body 60 and shoulder 70 and with rebound valve 
assembly 64 being located between piston body 60 and a 
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threaded end 72 of piston rod 34. A retaining nut 74 is 
threadingly or slidingly received on threaded end 72 or 
reduced diametersection 68 of piston rod 34 to secure piston 
body 60, compression valve assembly 62 and extension or 
rebound valve assembly 64 to piston rod 34. Piston body 60 
defines a plurality of compression flow passages 76 and a 
plurality of rebound flow passages 78. 

Compression valve assembly 62 comprises a compression 
valve plate 80, a valve stop 82 and a spring 84. Valve plate 
80 is disposed adjacent to piston body 60 to cover the 
plurality of compression flow passages 76. Valve stop 82 is 
disposed adjacent shoulder 70 and spring 84 is disposed 
between valve plate 80 and valve stop 82 to bias valve plate 
80 against piston body 60. During a compression stroke of 
shock absorber 20, fluid pressure builds up in lower working 
chamber 46 until the fluid pressure applied to valve plate 80 
through compression flow passages 76 overcomes the load 
provided by spring 84. Valve plate 80 will move away from 
piston body 60 and compress spring 84 to open compression 
flow passages 76 to allow fluid to flow from lower working 
chamber 46 to upper working chamber 44 as shown by 
arrows 86 in FIG. 3. 

Rebound valve assembly 64 comprises one or more valve 
plates 88, a spring seat 90 and a spring 92. Valve plates 88 
are disposed adjacent to piston body 60 to cover the plurality 
of rebound flow passages 78. Spring seat 90 is disposed 
immediately adjacent valve plates 88. Spring 92 is disposed 
between spring seat 90 and retaining nut 74 to bias spring 
seat 90 against valve plates 88 and valve plates 88 against 
piston body 60. Retaining nut 74 is threaded onto threaded 
end 72 of piston rod 34 to retain valve plates 88 against 
piston body 60 to close rebound flow passages 78 using 
spring 92 and spring seat 90. During an extension stroke of 
shock absorber 20, fluid pressure builds up in upper working 
chamber 44 until the fluid pressure applied to valve plates 88 
through rebound flow passages 78 overcomes the load 
provided by spring 92. Valve plates 88 will move away from 
piston body 60 and compress spring 92 to open rebound flow 
passages 78 to allow fluid to flow from upper working 
chamber 44 to lower working chamber 46 as shown by 
arrows 94 in FIG. 4. 

Referring now to FIG. 3, frequency dependent valve 
assembly 66 is illustrated. Frequency dependent valve 
assembly 66 provides frequency dependent damping in 
compression only. FIG. 4 illustrates a frequency dependent 
valve assembly 266 for shock absorber 20 which provides 
frequency dependent damping in rebound (extension) only. 
Frequency dependent valve assembly 66 includes a housing 
assembly 110 and a spool valve assembly 112. Housing 
assembly 110 includes an upper housing 114 and a lower 
housing 116. Upper housing 114 is threadingly or otherwise 
attached to the end of piston rod 34. Lower housing 116 is 
threadingly or otherwise attached to upper housing 114. 

Spool valve assembly 112 includes a spool valve 120, a 
check valve 122, an interface 124 and a plurality of valve 
discs 126 forming a bypass valve assembly, a retaining nut 
128, a spring seat 130 and a spring 132. Spool valve 120 is 
disposed within a fluid cavity 134 defined by housing 
assembly 110. Check valve 122 includes a valve seat 136 
and a valve plate 138. Spool valve 120 is slidably disposed 
within both valve seat 136 and housing assembly 110. 

Interface 124 is disposed against spool valve 120. The 
plurality of valve discs 126 are disposed against interface 
124. Retaining nut 128 is threadingly or otherwise received 
on interface 124 to retain the plurality of valve discs 126 on 
interface 124. Spring seat 130 is disposed against the plu 
rality of valve discs 126 and spring 132 is disposed between 
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6 
housing assembly 110 and spring seat 130 to bias spring seat 
130 against the plurality of valve discs 126 and the plurality 
of valve discs 126 against interface 124. 

FIG. 3 illustrates fluid flow during a compression stroke 
of shock absorber 20. During a compression stroke, fluid 
pressure in lower working chamber 46 and in compression 
flow passages 76 will increase until the biasing load on valve 
plate 80 increases to the point that spring 84 is compressed 
and valve plate 80 is lifted entirely off of piston body 60 to 
fully open compression flow passages 76 as illustrated by 
arrow 86. Compression valve assembly 62 is a passive valve 
assembly with a firm damping characteristic. 
At the beginning of the compression stroke, prior to the 

opening of compression valve assembly 62, fluid will flow 
through a bypass flow path illustrated by arrow 200 which 
bypasses piston body 60, compression valve assembly 62 
and rebound valve assembly 64. Flow path 200 extends from 
lower working chamber 46 through an axial passage 140 in 
spool valve 120 into a bypass chamber 144 defined by 
interface 124 and the plurality of valve discs 126. Flow path 
200 proceeds around the plurality of valve discs 126 into an 
axial fluid passage 146 and a radial passage 148 both 
extending through piston rod 34. During a high frequency 
movement, spool valve 120 moves only a small distance. 
Because of this small movement, the preload created by 
spring 132 is low and the fluid pressure in bypass chamber 
144 will easily deflect the plurality of valve discs 126 to 
create the flow illustrated by arrow 200 which depicts flow 
through axial passage 146 and radial passage 148, both 
extending through piston rod 34 into upper working cham 
ber 44. During a low frequency movement, spool valve 120 
is able to move a significant distance. This larger movement 
will move interface 124, the plurality of valve discs 126 and 
spring seat 130. This movement will compress spring 132 
which increases the preload generated by spring 132 and the 
fluid pressure required to separate the plurality of valve discs 
126 from interface 124. As the load generated by spring 132 
increases, the flow depicted by arrow 200 will decrease to 
provide a smooth transition from an initially soft damping 
condition to a firm damping condition for shock absorber 20. 
The slow closing of fluid flow 200 by the movement of spool 
valve 120 will provide the smooth transition. Arrow 202 
depicts the flow of fluid out of fluid cavity 134 during 
movement of spool valve 120 during a compression stroke. 
Fluid flows from fluid cavity 134 through a tunable orifice 
150 in valve seat 136 and into axial passage 146 which leads 
to radial passage 148 which leads to upper working chamber 
44. Check valve 122 remains closed during this movement 
of spool valve 120 during a compression stroke and opens to 
allow for the return of fluid into fluid cavity 134 from upper 
working chamber 44 through radial passage 148 and through 
axial passage 146 during a rebound stroke. 

Referring now to FIG. 4, frequency dependent valve 
assembly 266 is illustrated. Frequency dependent valve 
assembly 266 provides frequency dependent damping in 
rebound only. Frequency dependent valve assembly 266 
includes a housing assembly 310 and a spool valve assembly 
312. Housing assembly 310 includes an upper housing 314 
and a lower housing 316. Upper housing 314 is threadingly 
or otherwise attached to the end of piston rod 34. Lower 
housing 316 is threadingly or otherwise attached to upper 
housing 314. 

Spool valve assembly 312 includes a spool valve 320, a 
check valve 322, an interface 324 and a plurality of valve 
discs 326 forming a bypass valve assembly, a retaining nut 
328, a spring seat 330 and a spring 332. Spool valve 320 is 
disposed within a fluid cavity 334 defined by housing 
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assembly 310. Check valve 322 includes a valve seat 336 
and a valve plate 338. Spool valve 320 is slidably disposed 
within both valve seat 336 and housing assembly 310. Valve 
seat 336 is fixedly attached to upper housing 314 by lower 
housing 316. 

Interface 324 is disposed against spool valve 320. The 
plurality of valve discs 326 are disposed against interface 
324. Retaining nut 328 is threadingly or otherwise received 
on interface 324 to retain the plurality of valve discs 326 on 
interface 324. Spring seat 330 is disposed against the plu 
rality of valve discs 326 and spring 332 is disposed between 
housing assembly 310 and spring seat 330 to bias spring seat 
330 against the plurality of valve discs 326 and the plurality 
of valve discs 326 against interface 324. 

FIG. 4 illustrates fluid flow during a rebound stroke of 
shock absorber 20. During a rebound stroke, fluid pressure 
in upper working chamber 44 and in rebound flow passages 
78 will increase until the biasing load on valve plate 88 
increases to the point that spring 92 is compressed and valve 
plate 88 is lifted entirely off of piston body 60 to fully open 
rebound flow passages 78 as illustrated by arrow 94. 
Rebound valve assembly 64 is a passive valve assembly 
with a firm damping characteristic. 

At the beginning of the rebound stroke, prior to the 
opening of rebound valve assembly 64, fluid will flow 
through a flow path illustrated by arrow 300 which bypasses 
piston body 60, compression valve assembly 62 and rebound 
valve assembly 64. Flow path 300 extends from upper 
working chamber 44 through radial passageway 148 and 
axial passageway 146 both extending through piston rod 34. 
through an axial passage 340 in spool valve 320 into a 
bypass chamber 344 defined by interface 324 and the 
plurality of valve discs 326. Flow path 300 proceeds around 
the plurality of valve discs 326 and through an aperture in 
lower housing 316 into lower working chamber 46. During 
a high frequency movement, spool valve 320 moves only a 
Small distance. Because of this Small movement, the preload 
created by spring 332 is low and the fluid pressure in bypass 
chamber 344 will easily deflect the plurality of valve discs 
326 to create the flow illustrated by arrow 300 which flows 
through the aperture extending through lower housing 316. 
During a low frequency movement, spool valve 320 is able 
to move a significant distance. This larger movement will 
move interface 324, the plurality of valve discs 326 and 
spring seat 330. This larger movement will compress spring 
332 which increases the preload generated by spring 332 and 
the fluid pressure required to separate the plurality of valve 
discs 326 from interface 324. As the load generated by 
spring 332 increases, the flow depicted by arrow 300 will 
decrease to provide a smooth transition from an initially soft 
damping condition to a firm damping condition for shock 
absorber 20. The slow closing of fluid flow 300 by the 
movement of spool valve 320 will provide the smooth 
transition. Arrow 302 depicts the flow of fluid out of fluid 
cavity 334 during movement of spool valve 320 during a 
rebound stroke. Fluid flows from fluid cavity 334 through a 
tunable orifice 350 in valve seat 336 and into lower working 
chamber 46. Check valve 322 remains closed during this 
movement of spool valve 320 during a rebound stroke and 
opens to allow for the return of fluid into fluid cavity 334 
from lower working chamber 46 during a compression 
stroke. 

Referring now to FIG. 5, a frequency dependent valve 
assembly 366 is shown in accordance with another embodi 
ment of the present invention. Frequency dependent valve 
assembly 366 is a direct replacement for dependent valve 
assembly 266 as illustrated in FIG. 5. Frequency dependent 
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8 
valve assembly 366 provides frequency dependent damping 
in rebound/extension only. Frequency dependent valve 
assembly 366 includes a housing assembly 410 and a spool 
valve assembly 412. Housing assembly 410 includes an 
upper housing 414 and a lower housing 416. Upper housing 
414 is threadingly or otherwise attached to the end of piston 
rod 34. Lower housing 416 is threadingly or otherwise 
attached to upper housing 414. 

Spool valve assembly 412 includes a spool valve 420, a 
check valve 422, an interface 424, a valve body 426, one or 
more shim discs 428 and a spring 432. Spool valve 420 is 
disposed within a fluid cavity 434 defined by housing 
assembly 410. Check valve 422 includes a valve seat 436 
and a valve plate 438. Spool valve 420 is slidably disposed 
within both valve seat 436 and housing assembly 410. Valve 
seat 436 is fixedly attached to upper housing 414. Interface 
424 is disposed against spool valve 420. Valve seat 436 is 
disposed against interface 424. Spring 432 is disposed 
between lower housing 416 and valve body 426 to bias valve 
body 426 against interface 424. The one or more shim discs 
control the biasing load for spring 432. Interface 424, valve 
body 426 and spring 432 form a bypass valve assembly. 

FIG. 5 illustrates fluid flow during a rebound stroke of 
shock absorber 20. During a rebound stroke, fluid pressure 
in upper working chamber 44 and in rebound flow passages 
78 will increase until the biasing load on valve plate 88 
increases to the point that spring 92 is compressed and valve 
plate 88 is lifted entirely off of piston body 60 to fully open 
rebound flow passages 78 as illustrated by arrow 94. 
Rebound valve assembly 64 is a passive valve assembly 
with a firm damping characteristic. 
At the beginning of the rebound stroke, prior to the 

opening of rebound valve assembly 64, fluid will flow 
through a flow path illustrated by arrow 500 which bypasses 
piston body 60, compression valve assembly 62 and rebound 
valve assembly 64. Flow path 500 extends from upper 
working chamber 44 through radial passageway 148 and 
axial passage 146 both extending through piston rod 34. 
through an axial passage 440 in spool valve 420 into a 
bypass chamber 444 defined by interface 424 and valve 
body 426. Flow path 500 proceeds around valve body 426 
and through at least one aperture in lower housing 416 into 
lower working chamber 46. During a high frequency move 
ment, spool valve 420 moves only a small distance. Because 
of this small movement, the preload created by spring 432 
is low and the fluid pressure in bypass chamber 444 will 
easily separate valve body 426 from interface 424 to create 
the flow illustrated by arrow 500 which flows through the 
one or more apertures extending through lower housing 416. 
During a low frequency movement, spool valve 420 is able 
to move a significant distance. This larger movement will 
move interface 424 and valve body 426. This larger move 
ment will compress spring 432 which increases the preload 
generated by spring 432 and the fluid pressure required to 
separate valve body 426 from interface 424. As the load 
generated by spring 432 increases, the flow depicted by 
arrow 500 will decrease to provide a smooth transition from 
an initially soft damping condition to a firm damping 
condition for shock absorber 20. The slow closing of fluid 
flow 500 by the movement of spool valve 420 will provide 
the smooth transition. Arrow 502 depicts the flow of fluid 
out of fluid cavity 434 during movement of spool valve 420 
during rebound stroke. Fluid flows from fluid cavity 434 
through a tunable orifice 550 in valve plate 438 and into 
lower working chamber 46. Check valve 422 remains closed 
during this movement of spool valve 420 in a rebound stroke 



US 9,638,280 B2 

and opens to allow for the return of fluid into fluid cavity 434 
from lower working chamber 46 during a compression 
stroke. 

Referring now to FIG. 6, a shock absorber 600 having a 
base valve assembly 602 incorporating a compression valve 
assembly 604 and a frequency dependent valve system 606 
is shown. The shock absorber 600 in this example is a dual 
tube shock absorber having a reservoir chamber 600a 
formed between a pressure tube 600b and a reserve tube 
600c, as is well known in the art. The base valve assembly 
602 controls the flow of a working fluid between the 
reservoir 600a and a working chamber of the shock absorber 
600 as is also well known in the art. 
The compression valve assembly 604 may have a cylinder 

end member 608, a compression valve disc stack 610, an 
upper valve pin 612 and a washer 614 secured to a neck 616 
of the upper valve pin 612. The upper valve pin 612 has a 
bore 612a extending through its full axial length. The upper 
valve pin 612 also includes an enlarged head portion 618 
that captures a biasing spring 620 and holds the biasing 
spring against an intake disc 622, to thus hold the intake disc 
622 against a plurality of lands 624 on a first side of the 
cylinder end member 608. On a second side of the cylinder 
end member 608 the compression valve disc stack 610 is 
held against a plurality of lands 626 by the washer 614. The 
washer 614 is held in position on the upper valve pin 612 by 
a nut 628 which applies a predetermined torque to the 
compression valve disc stack 610. Lands 624 on the first side 
of the cylinder end member 608 are aligned with rebound 
flow channels 630 in the cylinder end member 608 while 
lands 626 are aligned with compression flow channels 632 
extending through the cylinder end member 608. 
The frequency dependent valve system 606 includes a 

valve connection member 634 which is secured to the 
cylinder end member 608 in any suitable manner, for 
example, by using a press fit or a threaded connection. The 
valve connection member 634 has at least one, but more 
preferably a plurality, of circumferentially spaced apart 
holes 634a which communicate with the reservoir chamber 
600a. An O-ring 636 positioned adjacent a distal end 612b 
of the upper valve pin 612 provides a seal between the upper 
valve pin and a bore 638 extending axially through the valve 
connection member 634. The valve connection member 634 
further includes a cavity 640 in which is disposed an annular 
end stop member 642, a spool valve 644, an O-ring 646, a 
check valve disc 648, a valve body 650 having a bypass bore 
650a, and one or more shim discs 652. 
The spool valve 644 has an axial flow passage 654 

extending through its full axial length which is aligned with 
a bore 656 in a valve seat plate 658. The valve seat plate 658 
is sandwiched between a distal end of a neck portion 644a 
of the spool valve 644 and an interface member 660. The 
interface member 660 includes an annular land 662 which 
contacts a generally planar Surface of the valve seat plate 
658. A lower valve pin 664 having a radially offset bore 666 
is seated within a lower housing member 668. The lower 
valve pin 664 includes an axially formed boss 670 upon 
which a disc package 672 is mounted. Disc package 672 
contacts a lower outer peripheral surface of the interface 
member 660 and acts as a biasing element (i.e., spring) to 
preload the interface member 660, and thus maintain the 
interface member 660 in contact with valve seat plate 658. 
The lower housing member 668 has a neck portion 674 
which is secured within the cavity 640 such as by, for 
example, a press fit, a threaded connection, or by any other 
Suitable connection arrangement. 

10 

15 

25 

30 

35 

40 

45 

50 

55 

60 

65 

10 
The frequency dependent valve system 606 further 

includes a first or “upper chamber 676 which is formed 
between an upper surface 644a of the spool valve 644 a 
lower radially inward portion 678 of the valve connection 
member 634, and a portion of the distal end 612b of the 
upper valve pin 612. A second or “lower chamber 680 is 
formed between an upper surface 650b of the valve body 
650 and a lower surface 644b of the spool valve 644. 
With reference to FIG. 7, the base valve assembly 602 is 

shown with arrows 682 and 684 denoting the flows of 
working fluid during a compression stroke of the piston (not 
shown) within the lower working chamber of the shock 
absorber 600. The flow designated by arrow 686 occurs only 
when the working fluid is being forced out from the second 
(lower) chamber 680, as will be described in greater detail 
below. The lower working chamber within the pressure tube 
600b is the area denoted by reference number 688 in FIG. 7 
and is that area within the interior of the pressure tube 600b 
below the rod mounted piston, and above the base valve 
assembly 602. During the compression stroke a flow of 
working fluid 682 flows through the compression flow path 
channels 632 in the cylinder end member 608, through 
compression disc stack 610, through the holes 634a in the 
valve connection member 634 and into the reservoir cham 
ber 600a. 

During the compression stroke a portion of the working 
fluid in the lower working chamber 688, indicated by the 
flow 684, also flows through the bore 612a in the upper 
valve pin 612, through the annular end stop member 642, 
through the bore 654 in the spool valve 644, through the bore 
656 in the valve seat plate 658, around the perimeter of the 
interface member 660, through the radially offset bore 666 
in the lower valve pin 664 and into the reservoir chamber 
600a. During a high frequency movement of the shock 
absorber 600 there is insufficient time to displace the fluid in 
the second (lower) chamber 680. As such, the spool valve 
644 moves only a very slight distance. The pressure applied 
by the spool valve 644 on the interface member 660 is 
therefore at a minimum predetermined force which allows 
the pressure behind the fluid flow 684 to easily displace the 
interface member 660, against the biasing force from disc 
package 672, from the valve seat plate 658. This allows the 
fluid flow 684 to flow between the interface member 660 and 
the valve seat plate 658, around the periphery of the inter 
face member 660 and through the radially offset bore 666 in 
the lower valve pin 664. During this condition there is little 
or no flow of fluid out from the second chamber 680 through 
the bypass bore 650a. So during a high frequency compres 
sion stroke two paths for fluid flow exist: 1) through the 
holes 634a in the valve connection member 634, and 2) 
through the spool valve 644 into the reservoir chamber 600a. 
The damping provided by the shock absorber 600 during this 
condition will be at, or close to, a minimum. This provides 
a softer ride for the vehicle that the shock absorber 600 is 
being used with. 

During a longer duration, low frequency movement of the 
shock absorber 600, the fluid flow 682 will be as described 
above for the short duration movement. However, the longer 
duration of the shock absorber movement provides sufficient 
time to displace the working fluid from the second (lower) 
chamber 680, which causes a greater movement of the spool 
valve 644 downwardly against the biasing force from the 
disc package 672, as shown in the drawing of FIG. 7. The 
fluid in the second chamber 680 is forced through the bypass 
bore 650a, around the perimeter of the valve seat plate 658, 
past the perimeter of the interface member 660 and through 
the radially offset bore 666 into the reservoir chamber 600a, 
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as indicated by the fluid flow 686. The fluid pressure which 
has built up in the upper (i.e., first) chamber 676 forces the 
spool valve 644 axially downwardly in the drawing of FIG. 
7 against the biasing force of the disc package 672, which 
significantly increases the biasing pressure applied by the 
spool valve 644 on the valve seat plate 658. As a result, the 
fluid flowing through the bore 654 of the spool valve 644 has 
insufficient pressure to displace the interface member 660 
from the valve seat plate 658. This completely interrupts, or 
at least substantially reduces, the flow of working fluid 
through the spool valve 644 bore 654 and through the bypass 
bore 666, thus substantially or completely closing the fre 
quency dependent valve system 606. All, or substantially all, 
of the working fluid during the compression stroke will thus 
be required to flow through the holes 634a in the valve 
connection member 634. The damping provided during this 
condition of low frequency shock absorber motion will be a 
maximum degree of damping. This provides the vehicle that 
the shock absorber 600 is being used on with a firm ride 
quality during low frequency compression movements of the 
shock absorber. The base valve assembly 602, with its 
frequency dependent valve system 606 described herein, 
may be implemented in a shock absorber which also 
includes a frequency dependent valve assembly integrated 
into the piston assembly. Thus, frequency dependent damp 
ing may be utilized in both the rebound and compression 
strokes of the piston assembly of the shock absorber. 
The description of the invention is merely exemplary in 

nature and, thus, variations that do not depart from the gist 
of the invention are intended to be within the scope of the 
invention. Such variations are not to be regarded as a 
departure from the spirit and scope of the invention. 

What is claimed is: 
1. A shock absorber comprising: 
a pressure tube defining a fluid chamber for containing a 
working fluid, 

a reserve tube, with the pressure tube being disposed 
within the reserve tube to define a working fluid 
reservoir between the pressure tube and the reserve 
tube: 

a piston assembly disposed within the pressure tube and 
secured to a piston rod, the piston assembly disposed 
dividing said fluid chamber into an upper working 
chamber and a lower working chamber, 

a base valve assembly disposed between the lower work 
ing chamber and the working fluid reservoir, the base 
valve assembly including a frequency dependent valve 
system operable to: 
act as a bypass to allow a portion of the working fluid 

to pass therethrough during high frequency move 
ments of the shock absorber during each compres 
sion stroke of the piston assembly, to thus provide a 
minimum degree of damping; and 

to at least substantially interrupt a flow of the working 
fluid therethrough during low frequency movements 
of the shock absorber during each of the compression 
strokes, to thus provide increased damping; 

the frequency dependent valve system further including: 
a valve seat plate in contact with a distal end of a spool 

valve; 
an interface member in contact with the valve seat plate: 
a biasing element for biasing the interface member into 

contact with the valve seat plate and the distal end of 
the spool valve; 
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12 
a valve body disposed between the spool valve and the 

valve seat plate, the valve body having a bypass flow 
path in communication with the working fluid reser 
Voir, and 

wherein a pressure of the working fluid acting on the 
spool valve during a compression stroke, and during a 
high frequency movement of the shock absorber, oper 
ates to force the interface member away from the valve 
seat plate permitting a flow of the working fluid ther 
ebetween. 

2. The shock absorber of claim 1, wherein the interface 
member includes a land which contacts the valve seat plate. 

3. The shock absorber of claim 2, wherein the base valve 
assembly further comprises an upper valve pin having a bore 
therethrough in communication with an axial bore of the 
spool valve. 

4. The shock absorber of claim 1, wherein the frequency 
dependent valve system includes: 

a first chamber formed adjacent a first side of the spool 
valve; 

a second chamber formed between the spool valve and the 
valve body; 

wherein during the high frequency movements of the 
shock absorber the time is insufficient to displace the 
working fluid from the second chamber, and does not 
allow the spool valve to move a sufficient distance to 
generate a force on the interface member which is 
sufficiently high to prevent the interface member from 
being lifted off of the valve seat plate, and thus the 
working fluid is able to lift the interface member from 
the valve seat plate to allow a flow of the working fluid 
therebetween; and 

wherein during the low frequency movements of the 
shock absorber the movement of the spool valve is 
increased which displaces the fluid from the second 
chamber, and which forces the spool valve towards the 
lower housing member against the biasing force being 
provided by the biasing element, and thus generates a 
sufficient force that prevents the working fluid from 
lifting the interface member off of the valve seat plate. 

5. The shock absorber of claim 1, wherein the base valve 
assembly further comprises: 

an upper valve pin having a bore extending axially 
therethrough; 

a cylinder end member for receiving the upper valve pin; 
a valve connection member coupled to the cylinder end 
member and including a plurality of holes through 
which the working fluid flows, and a cavity within 
which the spool valve is disposed, the bore of the upper 
valve pin being in communication with the bore of the 
spool valve; 

a lower valve pin in contact with the biasing element; and 
a lower housing member secured to the valve connection 
member which supports the lower valve pin in a 
stationary manner. 

6. The shock absorber of claim 5, further comprising a 
sealing element disposed between a peripheral wall portion 
of the spool valve and the cavity of the valve connection 
member. 

7. A shock absorber comprising: 
a pressure tube defining a fluid chamber for containing a 

working fluid, 
a reserve tube, with the pressure tube being disposed 

within the reserve tube to define a working fluid 
reservoir between the pressure tube and the reserve 
tube: 



US 9,638,280 B2 
13 

a piston assembly disposed within the pressure tube and 
Secured to a piston rod, the piston assembly dividing 
said fluid chamber into an upper working chamber and 
a lower working chamber; 

a base valve assembly disposed between the lower work 
ing chamber and the working fluid reservoir, the base 
Valve assembly including a frequency dependent valve 
System including: 
an axially slidable spool valve responsive to a flow of 

the working fluid during a compression stroke; 
a valve seat plate in contact with a distal end of the 

spool valve; 
an interface member in contact with the valve seat 

plate: 
a biasing element for biasing the interface member into 

contact with the valve seat plate: 
the spool valve operable to experience only a relatively 

Small degree of movement during a high frequency, 
short duration compression stroke of the piston 
assembly, thus allowing fluid pressure flowing 
through the spool valve to urge the interface member 
away from the valve seat plate and allow a flow of 
the working fluid therebetween to the working fluid 
reservoir, to thus reduce a damping provided by the 
shock absorber; and 

the spool valve operable during a low frequency, long 
duration compression stroke to experience a movement 
of a greater axial distance than during the high fre 
quency compression stroke, which causes the spool 
valve to apply sufficient pressure to the valve seat plate 
to at least Substantially close off a flow of the working 
fluid between the interface member and the valve seat 
plate, to thus increase a damping provided by the shock 
absorber. 

8. The shock absorber of claim 7, wherein the frequency 
dependent valve assembly further comprises: 

a first chamber adjacent a first side of the spool valve upon 
which fluid pressure from the working fluid acts during 
the compression stroke of the piston assembly; 
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a second chamber at least partially defined between a 

Valve body and a second side of the spool valve; and 
wherein during the low frequency compression stroke the 

spool valve moves a sufficient distance to displace the 
working fluid in the second chamber, and applies 
Sufficient pressure to the valve seat plate to at least 
substantially interrupt a flow of the working fluid 
through the spool valve. 

9. The shock absorber of claim 7, wherein the interface 
member includes a land formed thereon for contacting the 
valve seat plate. 

10. The shock absorber of claim 7, wherein the base valve 
assembly includes an upper valve pin in flow communica 
tion with a bore of the spool valve. 

11. The shock absorber of claim 10, further comprising a 
cylinder end member in which the upper valve pin is 
disposed. 

12. The shock absorber of claim 7, wherein the base valve 
assembly includes a lower valve pin in contact with the 
biasing element. 

13. The shock absorber of claim 12, further comprising a 
lower housing member coupled to the valve connection 
member, and operable to hold the lower valve pin stationary 
within the base valve assembly. 

14. The shock absorber of claim 7, further comprising a 
Valve connection member having a cavity within which the 
spool valve is disposed for sliding axial movement. 

15. The shock absorber of claim 14, further comprising an 
annular end stop member disposed within the cavity adja 
cent the first side of the spool valve, defining a stop for axial 
travel of the spool valve. 

16. The shock absorber of claim 15, wherein the lower 
Valve pin includes a boss portion about which the biasing 
element is mounted. 

17. The shock absorber of claim 14, wherein the valve 
connection member includes a plurality of radially arranged 
holes for allowing fluid flow therethrough during both low 
frequency and high frequency compression strokes of the 
piston assembly. 


